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fhe suthors present « series of contours for extimating 
yesidual reclatance coefficients of ships whose displacement~ 
length ratios are above these considered in Teylor's Stendard 
Series. These contours cover « renge of displacenent~Length 
retios from 280 to 560, volume-length retios from & to 16, ond 
longitadinal primetic coefficients fron .56 to .70. In addition, 
& soe eae previded for estimating wetted surface coefficients of 
these Bo 


The date for this study wore taken from 44 ehip aodel toate 
that heve been conducted at the David UW. Taylor Model Basin over 
& period of years. ‘These models in no way form a systematic series. 
Their imil forms are related only te the extent provided by over- 
eli coeffielents such as the displacement—lLength ratio, orimatic 
eouffielent end bem-—diraft ratio. 


fhe residual, resistence coefficients for each model ware 
ealeuleted from the original test data ucing the Schoenherr 
friction formulation. These coefficients were used te determine 
average contours of volume~length eoefficient on coordinates of 
as cowfficient and regiduel resistence cocffiaient at 
various Froude muamber values, 


Tt should be emphasized that the resulting sontoure represent 
en average of the date from the 44 ship models etudied, Mo parti- 
gular model conforms exartly to the eantoursa. fo further stresy 
this point, the Galoulated model data are vletted with the cuntorrs. 


The contours as determimed im this study indicate en optima 
with regard te residue] resietenee coefficient ot a priametie co- 
efficient of about .56. At thie value of primatic coefficient, 
the variation of residual registence with prigeatio coefficient 
is very slight. ‘The contours sles indieate that the variation of 
residual resistence coefficient with volwme-Length ratie et the 
ee than st higher values 

of primatics coefficient. 
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It is believed that the remulte of the study wild be of 
valne te designers in selecting hull form coefficients and for 
estimsting the resistence of new designs. However, the dete 
must be used with diseretion, bearing in mind that it is om 
everage of individual ships whose variations of resistence with 
details of design have not been completely evaluated. 


The fact that definite trends in the resiatence cheraater- 
ietics of the ships studied sre evident indicates thet it wuld 
be highly desirable to conduct a standard series type investiga 
tion in the region of high displecment-—length ratios. 


Thesis Supervisors Prof, M. &. Abkowits 
Apsigstant Professor of Haval Arehitecture 
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Residual Resietence Coeffieient 


Sn * “yapare 
Longitudinal Primetic Goefficlent 
v 
a 


Beom—-Deart Ratio 


DMieplacement in tone of galt 
vater at 39° 7 divided by the 
cube of one percent of the 
length in feat 


Volume of digplesement divided 
by the cube of ten percent of 
the length (nondimensional} 


Iweiducl resistence divided by 

the product of one half, the mags 
density of vater, wetted surface 

and velocity squared (nondimengionel) 


Yolume of displacement divided by 
the produgt of the midship section 
area and the length (nondimensional) 


fhe ratio of beam to draft 
(nondinengional } 


Volume of ae argyle 
the product o , beam, 


Velocity divided by the square roct 
of the product of length and the 
aeteleration of gravity (nondimensional) 


Wetted surface divided by the square 
root of the produst of volume of 
displacement and length 
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There is a great lack of published date om the resistence 
characteristics of ships with high displacenent~length ratios. 
This study is presented in sn effort to provide some guides in 
& relatively umarked srea of tmll design. 

At present designers of ships with high displacement~Length 
ratios rely primarily on their individual experience for the 
selection of suitable form paremeters for new designs, Estimates 
of the resistence characteristics of new designs must be made almost 
entirely by comparisons with the relatively few ships of thie type 
thet fall within the designer's experience, or from individual model 
teste. The evaluation of the merits of any design are difficult 
because of the lack of any standard of comparison, such ag Taylor's 
Stendard Series provides at lower displecement-length ratios (below 250). 

The firet step in filling this void of information on high dis- 
Plscenent-Length ratio ships was taken by the Japanese after World 
War IZ. In the interests of the Japsmese fishing industry, a stendard 
series of model testa were conducted. The parent form for this series 
was a fishing versel of the Tima and Bonita Clipper type. ‘The results 
of these experiments were published in 1950 and have come to be known 
ag the "Takagi Series” in this country. The protetype for this series, 
however, is a very specie] type of vessel and can hardly be considered 
as representing high displacement~length ratio ships in general. The 
application of these results is, therefore, somewhat linited, 
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fven though there has been « lack of systematic data on 
the ships with bigh displacement-length ratios, there has been 
an sceumlation of what might be called "scattered deta* on this 
type of ship over the years. This deta is the result of individual 
model experiments conducted at the David Taylor Model Bazin and at 
the United States Experimental Model Begin over the pant thirty yours. 
It ie the purpose of this study to ausemble and systematise, ea 
far as possible, the sccwmlation of "scattered dete* on ships with 
high Gaplacmment-length ratios, 
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The models to be used in this study were selected primarily 
en the basis that their displacement-length ratios were above 250. 
In order to oliminate any ships of peculiar form end to have the 
fulluess as indicated by the high displacenent-length ratio, repre- 
sent a genera] fullness rather then just a fullness of bean, the 
selection wae further restricted to models whose beam-dreft ratio 
values were between two end three, The examination of the lines of 
the selected ships confirmed the logic of this cholee in that they 
were all of generally chip~shape form, Thie selection ylelded 44 
nodels. 

The original test data for each of the 44 models were assembled 
end these data vere used to calculate values of residual resistence 
eoefficient at various Froude numbers. ‘The Schoenherr friction 
formulation wes used throughout this work. The length of model used 
te compute Reynolds end Froude mmbers was teken in wach case as the 
actael water line length at the displacement of the test, ‘This work 
provided sufficient infomation for plotting residusl resistance 
versus Froude number curves for each model, 

The residual resistence coefficient wes selected as the basic 
resistence parameter. This choice war based on peversl factorai 

1. Tt ie s generally accepted parameter in this country. 

2. Ships of the high displecement-Length type are relatively 
short in comparison te their speeds and are, therefore, 
operating in ranges of Froude number where wave meking 
reeistance is of primery importance. 
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3. The residue] resistance coefficient offers a satisfactory 
spreed of values to differentiate resistenos characteristics 
among these nodels. 

4. It hes « nondimencions) form. 

Sroude number was seleeted ag the speed parameter because of 
its nondimensionel form. ‘The psremeters thet were selected to define 
the hull. form were the volume-length ratio and the Longitudinal prig- 
matic coefficient. These parsmeters were selected primsrily because 
they ants the most favorable orientation of the resistence data with 
respect to bull form, Geversl other hull form parameters were com 
sidered, including length—beam ratic, beam-dreft ratio, vertical, 
primetio esefficient, weterplane coefficient, and uidshipsection 
coefficient, one of there, however, provided a good orientation 
smong the models, It is not premmed that the selected paremetere 
are the best. Further etudy might preduce peremeters that would 
provide « better orientation of models, However, it is felt that 
the improvement on parameters representing hail form would invelve 
such iteme ag the position of the center of twoysncy, angle of 
entrence of the load waterline, or entrance orimatic eseffielent, 
These values could not be included in this study because they were 
not available for most of the models. 

Using the selected parameters, contours of content di splacenent~ 
Length retio wore faired on soordinstes of prismatic coefficient and 
pesidual resistence coefficient st various Froude numbers. Tn fairing 
these contours the controlling factor was that they represent a good 
average of the available data, ‘the averaging to arrive ut these 
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Gentours wag accomplished by eye. These contours vere then 
orese-falred against constent prismatic coefficient, amd constent 
residual resistence coefficient. 

Tm addition a wetted surface coefficient was calevlated for 
erch model baged on the square reot of the volume~leagth product. 
Thies coefficient wee plotted agsinst midship section coefficient. 
fn average curve was dram through these pointe. This curve cm 
be used to estimate the wetted surface coefficients of similer 
versela. 
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As Contours of volume-length ratic on coordinates of longitudinal 
primmatic coefficient versus residucl resistence coefficient 
st various Froude manbers, 


B, Carve of average wetted surface coefficient versus midship 
section coefficient. 
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It must be eaphesized that the contours resulting from this 
study represent an everage of the date from the 44 ship models, 
No particular model will have the exact reaistance charasteristiscs 
predicted by the contours.. While individuel ship resistance 
curves tend te heve wmpe and holiows in them, the averaging pro- 
ese used in determining the contours tended to eliminate these 
fluctuations, although they produced what iz believed to be the 
initial portion ef a hump at Froude numbers near .30. 

In order to euphssize the scattering of data, end to allow 
for « veexemination of the contours, the sectusl deta has bean 
plotted with the contours. 

The etudy thet was involved in the selection of the null 
form parameters to best represent the effect of form variation 
om the residual resistence coefficient, indicsted that none of 
the overall fom coefficients was entirely satisfactory. Various 
embinetions of these parwmeters were tried without finding any 
better correlation. This fact festered the belief that the 
Getaile of design, such as the arrengement of akeg, rudders, end 
etem had considerable influence on the resistence, In addition, 
it de felt thet better correlation might have been attained if it 
had been poepible to include such items esa the longitudinal poci~ 
tion of the center of buoyancy, the mle of witer line entrance, 
and the entrance primetic coefficient in the paramcters defining 
the Imll form. 
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The authors compared the determined contours with a similar 
smteur derived from Taylor's Stenderd Series at « volume~Length 
ratio of 7.0. In general, there wee good agreament beth in shape 
and magnitude, At high Froude numbers, however, in the viednity 
ef .30, the Taylor contour tended to rise more eharply to higher 
Values. This indicates that the Taylor contours provide 2 more 
pronounced hump in the resistance curve at Froude mmmbers in the 
vicinity of .30. The higher residue] resistance coefficient 
values, as indicated by the Taylor contours, was not borne out by 
the model evidence, 

4A similar comparison was meade between the derived contours 
and contours teken from the "Takagi" series, Im this case, the 
derived contours showed ea much wider variation of the residual 
resistence ecefficient with v Length ratio et ail Froude 
numbers and primatic coefficients. The best agreement occurred 
at the lew Froude numbers. At the lowest primatic coefficients 
(.58), the Takagi values were slightly higher then the determined 
contours for all volume~Llength ratio values. At the higher pris- 
matic coefficients the Takagi values for high volume-~Length ratios 
were congidersbly lower, and for lew volume-length ratios were 
Slightly higher then the detezmined somtours throughout the range 
of Froude mmber values. 

The eressover area where the derived contours end the Tekagi. 


contours ere in good agreement were as follows: 
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It is felt that the deterained contours better represent the 
average of the modele atudied than does the Takagi sericea data, 
This is mo doubt due to the specifies type of chip that formed 
the pwotetype of the Takagi series, 

A third comparison was made, This comparison is between 
the origineliy caleuleted residual recistance coefficient curves 
for each model end 2 similiar curve teken from the derived contours. 
These curves will be found in the Appendix of this thesie. The 
results of thie comperison wore as follows: 

Twenty-four of the predictions agreed quite well with the 
original curves, Of these 24, 14 could bs claesed as completely 
reliahle predictions. Five were predicted too high and five were 
predicted teo low. Of the remaining models, nine were predicted 
comsideratly higher and two conaiderably lower than the original 
data indicated. Hine other models had bull fomm parameters thet 
did not fall within the renge for which the contours were drawn, 
although they were used to aid in determining the sontours. 

It hes been proposed in mony quarters that « stenderd series 
be rm in this coumtry to obtain data on the resistence character- 
istics of ships in the higher renges of dieplacemmt-Length ratio. 
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This study indicetes that the choice of « protetype for such « 
series might be diffieult. The type of ship to be represented 
neems to have considerable bearing on the probles., For exemple, 
this study indieates « tendency for tugboat types toe show some 
whet lower resistence in general then the average contours, 
whereas other types such ag merchant ship forme are generally 
more consistent with the derived contours, These tendencies are 
no doubt due te detaile of desig not represented by the selected 
form pareneters. To get one prototype which would yield data con- 
sistent with «ll types seems rather umalikely. 

The optime value of prigatic coefficient with respect ts 
ninisising the residual resistence ooefficient ig indicated at 
about o primatic coefficient of .58. In this vicinity at <1 
Froude numbers, the variation of residuel resistence with sris- 
matic coefficient is rather mali. In addition, the contours 
in the vicinity of the optimum prisustic coefficient indicate 
& lese pronounced variation of the residual resietance coefficient 
with ehenges in volume~Length ratio then at higher priauatic eo 
efficients. This location for the optimum priauatic coefficient 
egrees well with what might be predisted from Taylor's Standard 
Sevier. 

It is believed that thie study can be of value and assistance 
te Navel dvchitects in selecting mill form pareneiers and in pre~- 
dieting the resistance characteristics of new designe in the high 
displecement—length ratio range. In addition, it can form a basis 
of ecompexieon and reference, It is hoped that the presentation is 
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euch thet additions] imformation end data oan be added ag new 
designe are tested, thus providing evidences for either verifying 
or modifying the presented contours. 
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Svewage resistence cheracteristics of ships with displacenent— 
length ratios above 250 and whose beam-dreft ratios lie between 
2 end 3 cam be predicted by the contours presented, 

The optimm value of longitudinal prismatic coefficient based 
on mindimm residual resistence coefficient is about .58. 

At the optinum value of longitudinal prigetic coefficient, the 
variation of residual resistance coefficient with displacement 
length ratie is amsll. 

The variation of residual resiatmce coefficient with displace- 
nemt-Length ratio inereases with increase of longitudinel pris- 
matic coefficient above the optimm. 

The parmmeters used to define the mode) hull forms ere not the 
only ones influencing the residual resistence characteriatics 
of the ships, Therefore, sny particular model may have regia 
tence characterivtics greatly different from those predicted 
by these curves solely from the fact thet en important form 
peremeter in not included in the identificstion of the vessel. 
It is felt that the angle of ontremee of the load vaterline, 
ond the Longitudinel position of the center of moysency are 

the most significent, parenetore that were not available for 


thie study. 
It is possible to systematize “scattered data” on the resistance 


- 


charasteristics of ships, The results, while not ag conclusive 
as could be derived fram a stenderd series of model teste, do 
provide generalized trends which are of value. 
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1. It ia recommended that a standard series type investigation 
be carried out for ships of high displscement-Length ratios using 
the date that has been presented here to aid in the selection of 
a protetype vessel or parent form, 


ae It is recommended that the deta as preeented here be used 

as @ eterting point for further correlation and for comparison 

with new designe as they are tested, fo 4 large extent, the value 
of this study lies in its use for further comperisons, correlations, 
and additions to the systemetised ecllection of data with a view 
toward impreving the contours presented, 


3s The contours as presented should be used with discretion in 
predicting the residual resistwmce characterlatics of new designs, 
bearing in mind the deviation of individual medelz from the sverage 
contours » 


* Pre. 


i i NR hodionwsy weed aac Jacid stab ond 


ee PERE bh Cony cee Se Las ths OR AT a py 
pa a one at aanerts FE RE PE wi 
mom agg ot bos poldeleriss aedirah, eh sabe: gitktuate 2 as 
outer ast tonrae egret 3 ot basaet ons godt as enplach wen abby 
opin ne ea qaditgt sal ees att mt ee. ‘te 
+ a 7 . i ¥ 7 

to dois eee oa Lea Lables aad eakieh ot bane exomeperey BEE. 68 od 
ih aobewconis atiw bear od Biudde Gotemaeng Go wmeteoe eM rhs 
nad: Acabereage hm: BR kT ee aE pinto ea eT r 


decor Sas US pak wes Gaba Nae ves foie des wah aebieEpesg 

yoniiiciiee: ail aah Se eamuais st eget ooh Saat ie oe 
ees qeodey ts ‘ne elbaes te the ae thte ne ee eee ee 

sha naiakes aeeanmcenamna ete’ ee 
eer emit 


i i. iii ~~ et ee 
nah fen ty Soe smth om, extoy watireatio:s A 
ecschulh eet Oe semeaauall 


Asin r ih te # er - 


The index of the models whose resistence data wae used in 
this study is included, believing that it will be of velue in 
any further enalyeis of the presented contours. It contains 
most of the buli form parumeters thet might be of use together 
with a brief description of the type ef versel and the Teylor 
Medel]. Basin model number aecociated with the model. 


Appendix (D) is « semple caleulation cheet for cnlouletiag 
the residual resistence coefficients, Froude mumbers, nad 
values. This form was taken from the publiestion Listed in the 
Bibliography as iten[6Jand Taylor Models Basin celowletion fom 
Nwaber 71. 


Appendix (2) conteins the origins] model test data from 

which the residual resistence coefficient, Froude numbers, ©) 

end (©) values were onloulated, together with the residual re- 
sistence coefficient curve, beth as calculated from the original 
nodel test data snd ae determined from the contours for each model. 
Curves of (@) versus (&) are also included for each model, believing 
that they may be of value in judging the merits of particular ships. 


Sppendix (F) is the Bibliography of the thesis. 


fea heus pane ath sonadaiaes oaedy alobaa aft to xabal ott 
at onfoy to ed LLtv #t fade yatvolied ,bebsloal 2k yute oli 
astssaon $i -exuotave hed mower, ont to uhoylens sodiuvi yoo 
aeddeget eax te ef digi fost exofemctg rot Limi edd Io teox 
‘golvat edt bus Looney ‘to Sqyi sdf ‘to moltqtzoacd tobe o dghe 
stabon ait attr butatootna adwun Tebow stn £2ben 


gattaisoise wt feeds aabtsivolse ofgmen » Ot {@) xtbawagh 
@ bee © osodmun eduert yatatolYieos eomedatses Laublaot add 
eds nt bedebt anitaolider odf movi maint ew ano? ald? seonlev 
exot aottaleise mbailintebslt colts pas{d]aest a0 wiqeryot.in MA 
| AY code 

meth ated fund Isbou inalgieo odt antatmon (f) xtbmad 
© rovers stot gtaminitaecn commtaters Leubiees Oh SN 
vex iathhinws wit thy sactegod botelioiae oven weuiee @) bas 
sectsteo adh moth bototuntan os dot cera tentoitieco womdels 
" cfahen pas vol wuuetane off movi bestemoted e8 bos ated feet febon 
| gatratied qfobon dose sot tebainat cata oun (@) emexer @) Yo sovud 
,aghis ‘saivetieeg to atten edi, saizbut at euler Yo ef wan vel fat 


dituads oct 0 winarogphsie ost ak (X) eAbmaeh 


W/, 


TESS Et ee aes 


24 


Length «=» feet 

Beam | font 

Draft — feet 

Displecement-pounds or tons 

Volume of digplacement -cubie feet 

Wetted Surface - square feet 

Mase density of water - pound see?/feet# 

Kingsatic Viscosity - ft*/sea 

Velocity «— feet per second 

Velocity -- kote 

Reynolds number Vi,/w {nondimengional) 

Froude number (nondimensional) 

Total Resistance <—- pounds 

Frictional Resistance -—- pounds 

Residual Resistance — pounds 

foteal Resistance Coefficient Bafd.g 6V® (nondimensional) 
Frictional Resistance Coefficient Meek sy (nondimenaiene) 
Residual Resistance Goeffleient Yat sv® (nondimensional} 
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Appendix (E) 


Curves of Residusl Resistance Coefficient vs. 

Froude Numbers, both Caleulated end ae Predicted 

from the Contours, Curves of ©) vse. @. 
Original Model Test Data 
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